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ABSTRACT
The aim of this paper is to find out the dynamic characteristics of the variable displacement compressor for
the automotive air conditioning system. The influence of the compressor rotary speed, compressor discharge
pressure, and cooling load on the wobble-plate case pressure, piston stroke length and refrigerant mass flow rate
has been investigated experimentally, and when and how the piston stroke length change have been found, which
can be the base for resolving the instability problem of the automotive air conditioning system with a variable
displacement compressor and a thermal expansion valve.

INTRODUCTION
The infinitely variable displacement wobble plate compressor (here-after called “the variable displacement
compressor”, see Figure 1), whose wobble plate is connected to the pistons with the piston rods, consists of
several basic components as followed: a shaft-drive lug assembly, a sliding shaft sleeve, a rotating journal, and a
nutating wobble plate which translates the rotary motion of the journal into linear reciprocation of the pistons
(Skinner, T.J 1985). The control valve, consisting of a cone valve and a ball valve (Figure 2), is mounted in the
rear head of the compressor. The cone valve controls the passage between the wobble plate case and the suction
chamber (bellow chamber); the ball valve controls the passage between the discharge chamber and the wobble
plate case. The pressure differential between the suction pressure and its setting value controls the stretch of the
bellow. The spring force of the bellow, together with other forces acting on the valve rod, makes the valve rod
move, and changes the opening of the cone valve and the ball valve, and consequently changes the flowing
resistance between the discharge chamber and the wobble plate case and the resistance between the wobble plate
case and the suction chamber. And the pressure differential between the wobble plate case and the suction
chamber is also changed, which will alter the wobble plate angle and the piston stroke length and the compressor
displacement together with other forces on the wobble plate. As a result, the variable displacement compressor
can change its displacement according to an increase or decrease of the pressure differential between the wobbleplate case and the suction chamber of the cylinder head to exactly match the automotive air conditioning demand.
The system has the advantages such as smooth continuous compressor operation, more comfortable environment
inside the car, no frost formation in the evaporator and improved fuel economy compared to a system that cycles
the compressor off and on.
When the automotive air conditioning system is comprised of a variable displacement compressor and a
thermal expansion valve, however, there is the hunting phenomenon, i.e., all parameters such as the refrigerant
mass flow rate, refrigerant pressure and temperature at different points, and the air supply temperature oscillate
with constant amplitude and constant period (Tian, C.Q 2000 and Tian, C.Q 2001). The instability can lead lower
safety, lower economical rationality and restrains the broad application of the variable displacement compressor.

The aim of this paper is to find out the dynamic characteristics of this variable displacement compressor,
mainly the influence of the compressor rotary speed, the compressor discharge pressure, and the cooling load on
the piston stroke length, the wobble plate case pressure and the refrigerant mass flow rate, and obtain when and
how the piston stroke length change.

Figure 1: Variable displacement compressor

Figure 2: Control valve

TEST SYSTEM
The test bench, shown in Figure 3, was built inside two environmental chambers. The compressor and the
condenser were placed in the outdoor environmental chamber, and the evaporator and the thermal expansion valve
in the indoor one. Both chambers can keep constant temperature and humidity needed in our experiment. The
whole system includes main experimental body, the control system and the measure system.
The main body in the test system consists of the compressor, the condenser, the evaporator and the thermal
expansion valve. The compressor used here is a 5 cylinder; wobble plate type, infinitely variable displacement
compressor, whose displacement range is from 10 to 156 cc (cubic centimeter per revolution). The condenser is
parallel type, the evaporator core is tube-fin type, the evaporator fan is driven by a four-speed motor, and the
thermal expansion valve is H type.
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Figure 3: Schematic of test system
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The parameters controlled in this test system are the compressor rotary speed, the compressor discharge
pressure and the cooling load. The compressor is driven by a variable frequency motor with the compressor speed
changed by adjusting the power frequency. The condenser fan is also driven by a variable frequency motor so the
compressor discharge pressure can be controlled by modifying the air blast volume through the condenser by
adjusting the fan motor power frequency. In order to observe how the parameters of the compressor change when
the discharge pressure change abruptly, a regulation valve was fixed at the compressor discharge pipe to adjust

the discharge pressure. The cooling load is adjusted by the inlet air dry-bulb and wet-bulb temperature (controlled
by the indoor environmental chamber) or by the air blast volume through the evaporator.
The parameters measured in this test system include the compressor rotary speed, the piston stroke length,
the refrigerant mass flow rate, the refrigerant temperature and pressure at different test points, the air blast volume
through the evaporator, and the air dry-bulb and wet-bulb temperature of the evaporator inlet and outlet (see also
Figure 3). The compressor speed was measured with an electric eddy current sensor. The piston stroke length was
measured with the inductance type displacement transducer. The refrigerant mass flow rate was measured with the
throttle flow-meter. The refrigerant temperatures were measured with the copper-constantan thermocouples,
whose accuracy is ±0.2°C. The refrigerant pressure was measured with voltage-output type pressure sensors,
whose accuracy is ± 0.1%. The air dry-bulb and wet-bulb temperatures were measured with the platinum
resistance temperature sensors , which had been calibrated and could keep the accuracy within 0.1°C. These
sensors above all produced electric voltage or current, which were sent to a digital Data Acquisition/Switch Unit
and a computer to record the test data.
The test data were recorded every 1 second by the data acquisition unit.

EXPERIMENTAL RESULTS AND DISCUSSION
The dynamic behavior of the variable displacement compressor can be obtained through the experimental
investigation by means of changing the compressor rotary speed, discharge pressure abruptly and the cooling load
abruptly or gradually, from which it can also be found when and how the piston stroke length change.

Step Change of Compressor Rotary Speed
Change the power frequency abruptly to fulfill the step change of compressor rotary speed. Figure 4 shows
the parameter change when the compressor rotary speed goes down from 1920rpm to 1530rpm, and then up to
2010rpm abruptly. When the compressor rotary speed decreases from 1920rpm to 1530rpm, the discharge
pressure, Pd, and the wobble plate case pressure, Pw, go down, the refrigerant mass flow rate, Mr, down abruptly
first, then up, the suction pressure, Ps, up first, then down; the pressure differential between the wobble plate case
and the suction chamber, ∆Pws, decreases from 0.54 to 0.37 bar, and the piston stroke length, Sp, increases from
18.64mm to 20.74mm. When the compressor rotary speed increases from 1530rpm to 2010rpm abruptly, Pd and
Ps go up, Mr up abruptly first, then down, Ps down first, then up; ∆Pws increases from 0.37 to 0.82 bar, Sp
decreases from 20.74mm to 19.47mm. The parameters change immediately without time lag when the compressor
rotary speed goes up and down abruptly.
When the compressor rotary speed decreases abruptly, the refrigerant mass flow rate will decrease abruptly,
and the suction pressure will increase to press the bellow of the control valve, which will pull the valve rod to
open the cone valve and close the ball valve; as a result, Pw and ∆Pws decrease and the piston stroke length
increase that causes the refrigerant flow rate up and the suction pressure down. So, the refrigerant flow rate
decreases first and then increases, and the suction pressure goes up first and then down when the compressor
rotary speed decreases abruptly. Things will be totally different when the compressor rotary speed increases
abruptly.
When the compressor rotary speed changes abruptly, the wobble plate case pressure will change as the
opening of ball valve, opening of the cone valve, the discharge pressure and the suction pressure vary.
Theoretically, the wobble plate case pressure change should have a time lag to the change of the discharge
pressure and the suction pressure as there is a flow process when the refrigerant flows from the discharge chamber
to the wobble plate case through the ball valve ,and then to the suction chamber through the cone valve and what
is more the wobble plate case has a certain volume. But as shown in our test, there is almost no time lag due to
very small refrigerant flow rate and high velocity through the valve and small change amplitude of the wobble
plate case pressure. The wobble plate angel (or piston stroke length) has also no time lag because its change
depends on the forces acting on it.

Change of discharge pressure
Two ways have been adopted to change the discharge pressure abruptly in this paper, one is to change
condenser blast volume abruptly, the other is to adjust the compressor discharge valve.

Increase of condenser blast volume
When the power frequency of the condenser fan motor increases from 20HZ to 25HZ abruptly (Figure 5),
the discharge pressure goes down, the wobble plate case pressure up, the pressure differential of the wobble plate
case and the suction chamber up from 0.79 to 0.91bar, the piston stroke length down from 20.39mm to 19.82mm
along with the increase of the condenser blast volume. The piston stroke length decreases when ∆Pws reaches
0.91bar, 20 seconds delay to the condenser pressure’s change. The time lag is mainly caused by the thermal inertia
of the condenser, i.e., Pd decreases gradually when the condenser blast volume increase abruptly; Pw increases
gradually along with Pd decreases gradually and the piston stroke length will keep constant until ∆Pws is big
enough to make the piston stroke length decrease. Pw decreases when the piston stroke length goes down since
the refrigerant flow rate will go down, Ps up, the cone valve open, and the ball valve close. Mr will go up first as
the discharge pressure goes down and the compressor volumetric efficiency up when the condenser blast volume
begins to increase, and then down as the piston stroke length down. The wobble plate case pressure change has a
two seconds time lag to the discharge pressure change due to the volume of the wobble plate case and the
refrigerant flow process through the control valve. But the time lag is too short to be neglected.
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Figure 4: Change of compressor rotary speed
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Figure 5: Increase of condenser blast volume

Adjustment of the discharge valve
Adjust the discharge valve abruptly to fulfill sudden change of the discharge pressure. Figure 6 shows the
process while first turning down and then turning up the opening of discharge valve at the constant compressor
rotary speed of 2250rpm. When turning down the discharge valve, Mr goes down, Pd and Ps up, the opening of
cone valve up, the opening of ball valve down, Pw down, and ∆Pws down which makes the piston stroke length
increase; consequently Mr back-up, Pd and Ps down, Pw up. So it can be seen that Pd and Ps goes up first then
down, Pw and Mr down first then up. The parameters’ change is similar to that increase of condenser blast volume
discussed above when turning up the opening of the discharge valve except that the parameters have no time lag
and no gradual change.

Change of cooling load
There are two ways to change the cooling load: adjusting evaporator blast volume and gradually changing
the air temperature at the evaporator inlet.

Adjustment of evaporator blast volume
Figure 7 shows the situation when the evaporator fan motor changes from the highest speed to the lowest
speed. Pd decrease from 14bar (all the pressures following are gauge pressure) to 13.3bar, Pw up from 2.36bar to
2.49 bar, Ps down from 1.63bar to 1.61bar, the piston stroke length decreases from 30.6mm (the maximal piston
stroke length) to 27.4mm, Mr decreases from 128kg/h to 117kg/h, ∆Pws increases from 0.64bar to 0.88bar.
Calculation from the experimental data shows the cooling load decreases from 4.72kw to 4.28kw. The piston
stroke length and the refrigerant mass flow decrease along with the decrease of the cooling load, all the
parameters have no time lag when the evaporator fan motor speed changes suddenly.
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Figure 6: Adjustment of discharge valve
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Figure 7: Adjustment of evaporator blast volume

Gradual change of evaporator inlet air temperature
Figure 8 shows how the compressor parameters change when the cooling load increases gradually from 2.25
kW to 4.53kW by means of increasing the air temperature at the evaporator inlet. Pd, Sp and Mr go up along with
the increase of the cooling load and Sp increases till its maximum; when the cooling load begins to increase, Ps
goes up to make Pw and ∆Pws decrease till ∆Pws reaches 0.3bar and large enough to pull the piston to increase its
stroke length; Pw keeps constant and Ps decreases slightly when Sp increases; the compressor will act as a fixed
displacement compressor when Sp reaches its maximum and then Ps increases along with the increase of the
cooling load, and Pw goes down due to the increase of the suction pressure.

Changing rule of the piston stroke length
What the variable displacement compressor differs from the fixed displacement compressor is that it can
change the piston stroke length, so it is very important to understand when and how the piston stroke length
change.
Figure 9 shows how the compressor parameters change when increasing abruptly the condenser blast
volume first and decreasing it abruptly when all the parameters become steady at the constant compressor rotary
speed of 1800rpm. ∆Pws increases from 0.42 to 0.53bar when the condenser blast volume increases abruptly and
∆Pws decrease from 0.53 bar to 0.44 bar when the condenser blast volume decreases abruptly. The piston stroke
length, Sp, keeps constant and the compressor acts as the fixed displacement compressor except that the suction
pressure keeps constant. It can be seen from Figure 9 that although ∆Pws increases when Pd decreases, but it is
not large enough to pull the piston to decrease the piston stroke length, i.e., the piston stroke length is not always
changing even the differential of Pw and Ps has existed. So when and how the piston stroke length change should
be found out.
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Figure 9: Constant piston stroke length

Figure 10 presents the critical pressure differential between the wobble plate case pressure and suction
pressure needed to change the piston stroke length at different piston stroke lengths. The test condition: the
compressor rotary speed 2000rpm, the discharge pressure 12bar, and the suction pressure 1.7bar. Only when

∆Pws, bar

∆Pws is equal to or larger than the critical value (above curve) can the piston stroke length be reduced; and only
when ∆Pws is equal to or less than the critical valve (below curve) can the piston stroke length be increased. It
can be seen from Figure 10 that the less the piston stroke length, the larger ∆Pws critical value when the piston
stroke length goes down; and ∆Pws critical value almost keeps constant when the piston stroke length goes up.
Under the same condition, larger ∆Pws is needed to decrease the piston stroke length than to increase the piston
stroke length.
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Figure 10: ∆Pws critical value at different piston stroke lengths

CONCLUSIONS
From the experimental results of the dynamic behavior of the variable displacement compressor discussed
above, the following conclusions could be made.
1. The variable displacement compressor has the characteristics of both the variable displacement and the fixed
displacement; the dynamic behavior of variable displacement compressor will be same as that of the fixed
displacement compressor when the piston stroke length keeps constant.
2. The time lag of the wobble-plate case pressure is too short to be neglected when the discharge pressure and
the suction pressure change abruptly.
3. There is almost no time lag for all the parameters of the compressor when the compressor rotary speed
changes abruptly, or when the discharge valve is adjusted, or when the cooling load changes.
4. The piston stroke length change has a large time lag to the condenser pressure’s change when the condenser
blast volume changes abruptly, which is mainly caused by the condenser thermal inertia.
5. The piston stroke length is not always changing even the differential of Pw and Ps has existed. Only when
∆Pws is larger than the critical value can the piston stroke length be reduced; and only when ∆Pws is less than
the critical valve can the piston stroke length be increased.
6. The less the piston stroke length, the larger ∆Pws critical value when the piston stroke length goes down, and
∆Pws critical value almost keeps constant when the piston stroke length goes up. Under the same condition,
larger ∆Pws is needed to decrease the piston stroke length than to increase the piston stroke length.
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